Numerical simulation of heat transfer effect on Oldroyd 8-constant fluid with wire coating analysis  by Bhukta, D. et al.
Engineering Science and Technology, an International Journal 19 (2016) 1910–1918Contents lists available at ScienceDirect
Engineering Science and Technology,
an International Journal
journal homepage: www.elsevier .com/locate / jestchFull Length ArticleNumerical simulation of heat transfer effect on Oldroyd 8-constant fluid
with wire coating analysishttp://dx.doi.org/10.1016/j.jestch.2016.08.001
2215-0986/ 2016 Karabuk University. Publishing services by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
⇑ Corresponding author.
E-mail address: mohammadmainul.hoque@uon.edu.au (M.M. Hoque).
Peer review under responsibility of Karabuk University.D. Bhukta a, S.R. Mishra a, Mohammad Mainul Hoque b,⇑
aDepartment of Mathematics, Institute of Technical Education and Research, Siksha ‘O’ Anusandhan University, Odisha, Bhubaneswar 751030, India
bDiscipline of Chemical Engineering, School of Engineering, University of Newcastle, NSW 2308, Australiaa r t i c l e i n f o
Article history:
Received 23 June 2016
Revised 17 July 2016
Accepted 3 August 2016
Available online 23 August 2016
Keywords:
MHD
Oldroyd 8-constant fluid
Wire coating
Heat and mass transfera b s t r a c t
The steady magnetohydrodynamics (MHD) flow and heat transfer of an Oldroyd 8-constant fluid with
wire coating analysis have been investigated numerically. The wire coating was analysed numerically
in the presence of magnetic field with both constant and temperature dependent viscosity. Two different
methods namely Reynolds model and Vogel’s model were considered for temperature dependent viscos-
ity. The non-dimensional resulting flow and heat transfer differential equations were numerically solved
using Runge-Kutta fourth order method followed by shooting technique and the effects of pertinent
physical parameters are shown in graphs. The result of the present study was compared with the earlier
published result as a particular case. The non-Newtonian properties of fluid were favourably enhancing
the velocity in combination with temperature dependent variable viscosity and two layer variations are
remarked in the case of pressure dependent constant parameter for both the cases of constant and vary-
ing viscosity which retards the temperature at all points.
 2016 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The importance of the application of magnetohydrodynamics
(MHD) incompressible viscous fluid with heat transfer over a por-
ous medium is remarkable in modern metallurgical, metalworking
and manufacturing process. Many important applications of
boundary layer behaviour of a viscoelastic fluid over a continuous
stretching surface are observed in the case of the polymer, drawing
of the plastic fluids and wires. Several fluids including lubricants,
certain oils and jellies etc. have rheological characteristics and
identified as non-Newtonian fluids. Various models based upon
such non-Newtonian fluids are categorised into three types as dif-
ferential, the rate and integral types [1]. The slight memory fluids
are differential and rate type (dilute polymeric solutions) whereas
the integral type fluids memories are considerable (Polymer
melts). Fenner and Williums [2] studied the flow of a pressure
die using power lae model and lubrication approximation theory
(LAT) which was further expanded by Fenner [3]. Several studies
devoted to flows of Oldroyd-B (3-constants fluids) which is a
subclass of rate type fluids by analytical and numerical methods
[4–6]. The Oldroyd 8-constant fluid at steady state condition wasnumerically solved by Wang and Ellahi [7] and [8] Hayat et al.
[9], Khan et al. [10] using Homotopy analysis method (HAM) and
some other techniques.
Most of the magnetohydrodynamic (MHD) viscous incompress-
ible fluid flow with heat transfer has been considered by many
researchers based on constant physical properties. But in practice,
some physical properties are changing with temperature and it is
considered as constant properties in a good approximation as far
the small difference in temperatures play the role [11,12]. There
exists an industrial process to coat a wire for environmental safety,
insulation etc. known as wire coating. Types of wire coating are
dipping process, coaxial process, and electrostatic deposition pro-
cess. The first process offers much stronger bond between the con-
tinuums but having relatively slow as compared to last two
processes. Using a pressure type die the problem related with coat-
ing extrusion was studies by Han and Rao [13]. The extrusion pro-
cess consisted of the following three elements namely: (i) feeding
unit (ii) barrel and (iii) head with a die. The details of these three
elements were reported by Kozan [14]. The wire coating process
of Oldroyd8-constant fluid was numerically solved by Sajid et al.
[15] by using HAM technique. Another study such as Shah et al.
[16] used perturbation technique and analytically studied the wire
coating analysis of a third-grade fluid.
Nowadays, the model widely used for wire coating is Phan-
Thein-Tranner (PTT), which is a third-grade viscoelastic fluid
Nomenclature
Rw radius of the wire
q fluid density
Rd radius of the die
p pressure
Uw wire velocity
F viscous force per unit volume
L length of the die
k thermal conductivity
hw wire temperature
a dilatant constant
hd flow temperature
j current density
B0 uniform magnetic field strength
B
!
magnetic field
Br Brinkman number
l coefficient of viscosity
q fluid velocity
r electrical conductivity
b pseudoplastic constant
X1 Vogel’s model viscosity parameter
S extra stress tensor
h fluid temperature
m Reynolds number viscosity parameter
M magnetic parameter
z
r
Rd
Rw
Die
Melt polymer Metal wire
Uw
Fig. 1. A schematic of wire coating process[23].
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ing process for polymer melts inelastic constitutive model and dis-
cussed the limitations of the pragmatic modelling approach. Multu
et al. [18] used a tube-tooling die to investigate wire coating. Kasa-
jima and Ito [19] investigated post treatment of polymer extruded
in wire coating and discussed the effects of heat transfer on cooling
coating. Later, Winter [20] analysed the both inside and outside
thermal effect of the die, while plasto-hydrodynamics dieiess wire
drawing is well explained by Symmons et al. [21]. Recently, Baag
and Mishra [22] studied wire coating considering the linear varia-
tion of temperature in the post-treatment analysis. Further, Nayak
et al. [23] numerically studied the wire coating analysis of third-
grade fluid by assuming temperature dependent viscosity.
Porous medium plays an important role in MHD fluid flow. Pre-
viously, Cortell [24] studied the heat transfer effect of a fluid
through a porous mediumwith considering the internal generation
of heat. Midya [25] also reported the effect of heat transfer on MHD
viscoelastic fluid over a shrinking sheet. Recently, Bhukta et al. [26]
analysed the effect of porous medium on MHD viscoelastic fluid
past a shrinking sheet. The electrically conducting second grade
fluid along with transverse magnetic field past a stretching sheet
was analysed by Lui [27]. Salem et al. [28], Bhukta et al. [29] also
numerically studied the dynamics of MHD flow considering vari-
able viscosity and thermal conductivity as well heat transfer effect
on viscoelastic fluid over a stretching sheet. The effects of convec-
tion heat transfer and thermo-diffusion on nanofluid past a
stretching sheet or channel has been investigated numerically by
Khan et al. [30,31] and Mohyud-Din et al. [32–34]. Also, the non-
uniform heat source, chemical reaction, hall and ion slip current
effect on MHD micropolar fluid flow has been numerically studied
by [35–41]. Recently, many researchers [42–45] investigated the
heat and mass transfer effects on non-Newtonian fluids in the
presence of magnetic field.
The aim of the present study is to explore the study of nature of
Navier-Stokes equations for wire coating of a pressure type dies in
a Darcy medium with a bath of Oldroyd 8-constant fluid. In the
study, variable temperature viscosity (Reynolds and Vogel’s model)
in addition to the magnetic field in the axial direction is consid-
ered. Here we note that the aforementioned facts are not discussed
by Shah et al. [46]. Hence, it is intended to analyse wire coating
process along with Oldroyd 8-constant fluid where a coating mate-
rial moulded as melt polymer.2. Problem formulation
The Fig. 1 shows the flow geometry of wire coating in the pres-
ence of pressure die. In the flow geometry, Rw denotes the wire ofradius, which is passed through the central line of an annular die
(length, L, radius, Rd, and temperature, hd) with velocity Uw and
temperature hw. We assumed that the constant pressure gradient
and magnetic field of strength B0 are acting in the fluid. For concen-
tric wire and die, the direction of the flow is represented by z
wherein ‘‘r” is perpendicular to z (see Fig. 1).
With the aforesaid assumption the velocity of the fluid ( q!),
extra stress tensor (S) and temperature field (h) associated with
the boundary conditions are expressed as [23]:
q!¼ ½0;0;wðrÞ; S ¼ SðrÞ; h ¼ hðrÞ ð1Þ
w ¼ Uw; h ¼ hw at r ¼ Rw;
w ¼ 0; h ¼ hw at r ¼ Rd
ð2Þ
where Rd is the radius of uncoated wire, Uw is mean velocity. For
Oldroyd8-constant fluid, S is expressed as
Sþ k1Sm þ 12 ðk1  l1ÞðA1Sþ SA1Þ þ
1
2
l0ðtrSÞA1 þ
1
2
m1ðtrSA1ÞI
¼ l A1 þ k2Am1 þ ðk2  l2ÞA21 þ
1
2
m2 trA21
 
I
 
ð3Þ
where the constants l; k1; k2 denote the zero shear viscosity, relax-
ation and retardation time, respectively and l0;l1;l2;v1;v2 are the
constants related with nonlinear terms. Following Shah et al. [46],
the above contravariant convected derivative designed by r over
S and A1 is expressed as
S
m
¼ DS
Dt
 ðmqÞTSþ SðmqÞ
h i
ð4Þ
Am1 ¼
DA1
Dt
 ðrqÞTA1 þ A1ðrqÞ
h i
ð5Þ
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DS
Dt
¼ @
@t
þ ðqrÞ
 
S ð6Þ
Therefore, the governing equations of the incompressible fluid
flow are
r!q!¼ 0 ð7Þ
q
D q!
Dt
¼ r!pþ F!þ J! B! ð8Þ
qCp
Dh
Dt
¼ kr2hþ / ð9Þ
where DDt is temporal derivative. Due to the interaction between
magnetic field and current a body force J
! B! per unit volume take
place in Eq. (8). Hence, it can be assumed that (i) the electrostatic
force is insignificant and (ii) uniformmagnetic field acted employed
along the z-direction. Consequently, the force generated along the
z-direction can be written as [30]:
J
! B!¼ 0;0;rB20w
 
ð10Þ
Substituting the Eq. (1) in Eqs. ((3)–(6)), we obtained non-zero
components of extra stress S as
Srr þ ðm1  k1  l1Þ
dw
dr
Srz ¼ lðm2  k1  l1Þ
dw
dr
 2
ð11Þ
Srz  k1Srr dwdr þ
1
2
ðk1  l1 þ l0ÞðSrr þ SzzÞ
dw
dr
 
þ l0
2
Szz
dw
dr
 
¼ l dw
dr
 
ð12Þ
Szz þ ðk1  l1 þ m1Þ
dw
dr
 
Srz ¼ lðm2 þ k2  l2Þ
dw
dr
 2
ð13Þ
Shh þ m1 dwdr
 
Srz ¼ lm2 dwdr
 2
ð14Þ
The explicit expressions for the stress component can be
obtained by solving Eqs. (11)–(14) as:
Srr ¼ ðm1  k1  l1Þ
dw
dr
Srz þ lðm2 þ k2  l2Þ
dw
dr
 2
ð15Þ
Shh ¼ m1 dwdr
 
Srz þ lm2 dwdr
 2
ð16Þ
Szz ¼ ðk1  l1 þ m1Þ
dw
dr
 
Srz þ lðm2 þ k2  l2Þ
dw
dr
 2
: ð17Þ
Srz ¼
l 1þ a dwdr
 	2h i
1þ b dwdr
 	2 dwdr
 
ð18Þ
Here, a and b are dilatant and pseudoplastic constant, respec-
tively. These parameters can be expressed as:
a ¼ k1k2 þ l0 l2  32 m2
 	 l1 l2  m2 	
b ¼ k21 þ l0 l2  32 m1
 	 l1 l1  m1 	 ð19ÞSubstituting velocity field and Eqs. (10)–(13) in Eq. (8) take the
form
@p
@z
¼ 1
r
d
dr
ðrSrzÞ ð20Þ
@p
@h
¼ 0 ð21Þ
@p
@z
¼ 1
r
d
dr
ðrSrzÞ  rB20x
m
kp
x ð22Þ
@p
@z
¼ 1
r
d
dr
rl 1þ a dwdr
 	2 
1þ b dwdr
 	2 
2
4
3
5 rB20x mk0px ð23Þ
and the energy Eq. (9) without convective terms becomes,
K
d2h
dr2
þ 1
r
dh
dr
 ! l 1þ a dwdr 	2  dwdr 	2
1þ b dwdr
 	2 
2
4
3
5 ¼ 0 ð24Þ
where / ¼ Srzerz provided erz ¼ dwdr
2.1. Case I: constant viscosity
The dimensionless parameters are:
r ¼ r
Rx
; z ¼ z
Rx
;w ¼ w
Rx
;a ¼ aU
2
w
R2w
; b ¼ bU
2
w
R2w
; p ¼ p
lðUw=RwÞ ; h

¼ h hw
hd  hw
into the system of Eqs. (23) and (24) and dropping the asterisk the
Eqs. (23) and (24) becomes,
rX ¼
dw
dr
 	þ a dwdr 	3 þ b dwdr 	3 þ ab dwdr 	5
þr d2w
dr2
þ 3a dwdr
 	2 d2w
dr2
 
 b dwdr
 	2 d2w
dr2
 h i
þ r ab dwdr
 	4 d2w
dr2
h i
1þ b dwdr
 	2 2
Mxr  1
Kp
xr ð25Þ
d2h
dr2
þ 1
r
dh
dr
" #
þ
Br 1þ aðdwdr Þ
2
h i
dw
dr
 	2
1þ b dwdr
 	2h i ¼ 0 ð26Þ
The corresponding boundary conditions are
wð1Þ ¼ 1;wðdÞ ¼ 0
hð1Þ ¼ 0; hðdÞ ¼ 1


ð27Þ
where M ¼ R
2
wrb
2
0
l
;Kp ¼
k0p
R2w
;Br ¼ lU
2
w
k hd  hwð Þ ð28Þ2.1.1. Method of solution: Case-I
The Range–Kutta numerical technique has been used to resolve
Eqs. (25) and (26) with boundary condition (27). The nonlinear
boundary layers equations then make 1st order ODE because the
higher order equations at r ¼ d (thickness of boundary layer) are
unavailable. Hence, the boundary value problem then solved by
using shooting method. In order to minimise the computational
cost, we assumed that d ¼ 3. So
w ¼ y1;
dw
dr
¼ y2; h ¼ y3;
dh
dr
¼ y4
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y02¼
r XþMy1þ 1kp y1
 
1þbðy2Þ2
 2 
 y2þðaþbÞðy2Þ3þaby52
h i
r 1þð3aþbÞy22þaby42
 
ð29Þy04 ¼ 
1
r
y4 
Br 1þ aðy2Þ2
h i
ðy2Þ2
1þ bðy2Þ2
h i ð30Þ
Along with the boundary conditionsy02 ¼
r Xþ 1ð1b0mhÞ M þ 1Kp
 
y1 þ b0my4ð1b0mhÞ
y2þay32
1þby2
2
  h i
1þ by22
 	2  y2 þ ðaþ bÞy32 þ aby52 
r 1þ ð3a bÞy22 þ aby42
  ð38Þyað1Þ ¼ 1; ybð1Þ ¼ 0
yað3Þ ¼ 0; ybð3Þ ¼ 1


ð31Þ2.2. Case-II: variable viscosity (Reynolds model)
Considering l as a function of h and by using non-dimensional
parameters
z ¼ z
Rw
; r ¼ r
Rw
;w ¼ w
U
; h ¼ h hw
hd  hw ;
Rd
Rw
¼ d > 1;a ¼ aU
2
w
R2w
;
b ¼ bU
2
w
R2w
;p ¼ pRw
lUw
the non-dimensional momentum and energy equations (Eqs. (23)
and (24)) can be written as (removing asterisks symbol):rX ¼
dw
dr þ ðaþ bÞ dwdr
 	3 þ ab dwdr 	5h iþ r d2wdr2 þ ð3a bÞ dwdr 	2 d2wdr2
 
þ ab dwdr
 	4 d2w
dr2
h i
1þ bðdwdr Þ
2
h i2 þ 1l dldr
 
r
dw
dr
þ a dw
dr
 3
1þ b dwdr
 	2
2
6664
3
7775 1l Mwr þ 1Kpwr
 
ð32Þd2h
dr2
þ 1
r
dh
dr
" #
þ
lbr dwdr
 	2
1þ a dwdr
 	2h i
1þ b dwdr
 	2h i ¼ 0 ð33Þ
where M ¼ R2wrB20l0 ,
@p
@z ¼ X and br ¼ l0U
2
w
kðhdhwÞ :
In Reynolds model, the dimensionless temperature dependent
viscosity can be expressed as l ¼ eðB0mhÞ  1 B0mh. Therefore,
the momentum and energy equations can be written as (removing
asterisks symbol):d2w
dr2
¼
r 1þ b dw
dr
 2 !
Xþ 1ð1 b0mhÞ
M þ 1
Kp
 
wþ 1ð1 b0mhÞ
b0m
dh
dr
  dw
dr þ a
dw
dr
 	3
1þ b dwdr
 	2
0
@
1
A
2
4
3
5
r 1þ ð3a bÞ dw
dr
 2
þ ab dw
dr
 4" # 
dw
dr
þ ðaþ bÞ dw
dr
 3
þ ab dw
dr
 5" #
r 1þ ð3a bÞ dw
dr
 2
þ ab dw
dr
 4" # ð34Þd2h
dr2
¼ 1
r
dh
dr
 ð1mb0hÞ
Br dwdr
 	2 þ dwdr 	4 
1þ b dwdr
 	2  ð35Þwð1Þ ¼ 1;wðdÞ ¼ 0
hð1Þ ¼ 0; hðdÞ ¼ 1


ð36Þ2.2.1. Method of solution: Case-II
Eqs. (34) and (36) solved numerically using Runge-Kutta
method with the boundary conditions (35) and (37) and
considering
w ¼ y1;
dw
dr
¼ y2 and h ¼ y3;
dh
dr
¼ y4 ð37Þ
We get the following as,y04 ¼
1
r
y4  ð1mb0hÞBr
y22 þ ay42
 	
1þ by22
 	 ð39Þ
Under boundary conditions,
yað1Þ ¼ 1; ybð1Þ ¼ 0
yað3Þ ¼ 0; ybð3Þ ¼ 1
)
ð40Þ2.3. Case-III: variable viscosity (Vogel’s model)
In the case of variable viscosity, the temperature can be
expressed asl ¼ l0 exp
D
B0 þ h hw
 
ð41Þ
Using expansion we have
l ¼ X1 1 D
B0
2 h
 
ð42Þ
where X1 ¼ l0e
D
B0hwð Þ and D;B0 denotes the viscosity parameters
related with Vogel’s model. Hence, the dimensionless momentumand energy equations i.e. (34) and (35) with boundary conditions
written as:
d2w
dr2
¼
r 1þ b dw
dr
 2 !2
Xþ 1
X1 1 DB02h
   M þ 1Kp wþ DB21
dh
dr
dw
dr þ a dwdr
 	3
1þ b dwdr
 	2
 ! !24
3
5
r 1þ ð3a bÞ dw
dr
 2
þ ab dw
dr
 4" # 
dw
dr
þ ðaþ bÞ dw
dr
 3
þ ab dw
dr
 5" #
r 1þ ð3a bÞ dw
dr
 2
þ ab dw
dr
 4" # ð43Þ
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dr2
¼ 1
r
dh
dr
 
 1 D
B02
 
X1Br
dw
dr
 	2 þ a dwdr 	4
1þ b dwdr
 	2
 !
ð44Þwð1Þ ¼ 1;wðdÞ ¼ 0
hð1Þ ¼ 0; hðdÞ ¼ 1


ð45Þ2.3.1. Method of solution: Case-III
Considering D ¼ b0b, the numerical solution of Eqs. (43) and
(44) with the boundary conditions (Eq. (45)) can be achievable.
The expression for velocity profile is given as:y02 ¼
r Xþ 1
X1 1 DB2
1
h
   M þ 1Kp
 
y1 þ
D
B2
1
y4
X1 1 DB2
1
h
   y2þay32
1þby22
 0BB@
1
CCA
2
664
3
775 1þ by22 	2  y2 þ ðaþ bÞy32 þ aby52 
r 1þ ð3a bÞy22 þ aby42
  ð46Þand that of temperature profile is given as
y04 ¼
1
r
y4  1
D
B21
h
 !
X1Br
y22 þ ay42
1þ by22
 
ð47Þ
With prescribed boundary conditions,
yað1Þ ¼ 1; ybð1Þ ¼ 0
yað3Þ ¼ 0; ybð3Þ ¼ 1


ð48Þ3. Results and discussion
In the present study, we modelled the coating material as
third-grade fluid and investigated the wire coating. The wire coat-1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
0
0.1
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1
r                                                   
w
(r)
IV
III
II
V
VI
VIII
VII
I
β=0.4
Ω=0.5
Curve   M    Kp   α
 I          0    100   0.4
II          0     0.5   0.4
III         0     100   1.2
IV        0      0.5   1.2
V         2      100  0.4 
VI        2       0.5  0.4
VII       2       100  1.2
VIII       2       0.5  1.2
Fig. 2. Effect of M; Kp and a on velocity profile.ing process takes place in a uniform magnetic and porous medium.
The entire discussion deals with three different aspects namely (i)
constant viscosity (ii) Reynolds model considering temperature
dependent viscosity and (iii) Vogel’s model.
The effect of physical parameters such as dilatants constant ðaÞ,
pseudoplastic constant ðbÞ, viscosity parameter of Reynolds model
(m), and viscosity parameter of Vogel’s model ðXÞ, the magnetic
parameter (M) and porosity parameter (Kp) on velocity and tem-
perature profile are discussed in the following subsection. The
numerical solution has been obtained by using Runge-Kuttafourth-order method followed by shooting technique. Finally, the
present result has been compared with the earlier published
results reported by Shah et al. [46] by withdrawing the porous
matrix as a particular case (Section 3.1).3.1. Case-I: constant viscosity
The effects of the magnetic parameter (M), dilatant constant ðaÞ
on velocity distribution for Kp ¼ 100 and 0.05 are shown in Fig. 2. It
can be seen that the velocity profile decelerates as magnetic field
strength increased. This is due to the Lorentz forces, which act as
a resistive force and resists the motion of the fluid. The variation
of velocity profile is significant for dilatants constant. The velocityFig. 3. Effect of M; Kp and b on velocity profile.
Fig. 5. Effect of M; Kp and Br on temperature profile.
Fig. 6. Effect of M; Kp and X on temperature profile.
Fig. 7. Effect of M; Kp and b on velocity profile (Reynolds model).Fig. 4. Effect of M; Kp and X on velocity profile.
D. Bhukta et al. / Engineering Science and Technology, an International Journal 19 (2016) 1910–1918 1915profile retards throughout as dilatant constant increases, whereas
the reverse effect was evident in the presence of porous matrix
due to the absence of magnetic parameter. The situation becomes
adverse in the presence of a magnetic parameter. It can be noted
that the Curve-1 (Fig. 2) made a good agreement with the reported
results of Shah et al. [46] where M ¼ 0; Kp ¼ 100; a ¼ 0:4.
Fig. 3 depicts the effects of M and b in the absence/presence of
porous matrix on velocity profile. It can be observed that the mag-
netic parameter decelerates the velocity profile. This decrease is
due to magnetic force density, which is equivalent to a viscous
breaking force. It tries to cancel the velocity component i.e. orthog-
onal to the direction of magnetic field. The effects of b on the veloc-
ity profile are quite similar to that of a described in Fig. 2. In
absence or presence of porous matrix, the effect of the magnetic
parameter and pressure dependent parameter on velocity distribu-
tion is shown in Fig. 4. It can be seen that both the pressure depen-
dent along the axial direction and magnetic parameter decrease
the velocity in both the absence/presence of porous matrix in the
process of wire coating. The effect of porosity parameter is signif-
icant in comparison with other parameters.
Fig. 5 exhibits the effect of M and Br on temperature distribu-
tion in absence/presence of porous matrix. In this case, tempera-Fig. 8. Effect of M; Kp and b on temperature profile (Reynolds model).
Fig. 9. Effect of M; Kp and Br on temperature profile (Reynolds model).
Fig. 10. Effect of M; Kp and X on velocity profile (Vogel’s model).
Fig. 11. Effect of M; Kp and X on temperature profile (Vogel’s model).
1916 D. Bhukta et al. / Engineering Science and Technology, an International Journal 19 (2016) 1910–1918ture distribution was exhibited through a third grade fluid with the
pseudoplastic parameter b when b ¼ 0:1. In the wire coating pro-
cess, the Brinkman number (Br) generally known as the relative
measure of viscous heating with heat conductor. It can be observed
that the temperature distribution enhanced significantly both in
absence/presence of porous matrix with a significant increase in
Brinkman number. Further, an increase in magnetic parameters
contributes two layer variations as well as distinct characteristics
in the boundary layer. It appears that in the region of r 6 1:6, the
magnetic parameter increases with the increase of fluid tempera-
ture (h) and then temperature distribution retards significantly.
The effect of pressure dependent constant parameter (X) on
temperature distribution in absence/presence of porous matrix
considering constant magnetic parameter is shown in Fig. 6. It is
remarked that pressure dependent constant has a retarding effect
on the temperature profile after a region r > 1:9 where as the
reverse effect was encountered near the plate in the presence/
absence of magnetic and porous matrix. Thus, the reverse effect
i.e. hike in temperature can be interpreted as the contribution of
heat energy due to combined effects of resistive magnetic force
and porous matrix as well as stored energy due to the property
of the fluid. This can be clearly observed from the Curve II and
Curve IV (absence of magnetic) and from the curve VI and VIII
(presence of magnetic).
3.2. Case-II: variable viscosity (Reynolds model)
Fig. 7 shows the velocity distribution for different values ofM in
the absence or presence of porous matrix considering constant
pseudoplastic parameter. It is worth to note that in the absence
of magnetic parameter and Kp ¼ 100; the velocity profile increased
as a non-Newtonian parameter (b) increases while the reverse
effect was encountered in the presence of porous matrix. Thus, it
can be concluded that the non-Newtonian property of the fluid is
responsible for enhancing the velocity profile in the absence of M
and Kp. Another interesting observation is that the velocity profile
significantly retards as b increases for the high magnetic parameter
ðM ¼ 2Þ in both the presence/absence of porous matrix. In contrast
with the constant viscosity case, the inclusion of non-Newtonian
parameter and the magnetic parameter does not alter velocity
profile.
In absence/presence of porous matrix, the effect of M and b on
the temperature distribution is shown in Fig. 8. Here the Reynolds
model viscosity parameter m was fixed (i.e. m ¼ 10). It can be seen
that in the absence of porous matrix (Curve I and II), the tempera-ture profile increases sharply up to a certain region (r 6 1:7) and
afterwards, it decreases. Further, in the presence of porous matrix
the velocity profile enhanced asM increases (Curve II and VI). From
curves I and III and V and VIII it is clear to note that the tempera-
ture profile decreases significantly as the pseudoplastic parameter
increase in both the absence/presence of magnetic and porous
matrix parameters. This is due to the fact that the non-
Newtonian parameter inclusion with Reynolds model viscosity
parameter retards the temperature profile at all points in its
boundary layer.
Fig. 9 illustrates the effects of M and Br on the temperature dis-
tribution in absence/presence of porous matrix. It can be observed
that the temperature profile gets enhanced as magnetic parameter
increases within the layer r 6 1:6 (Curve I and V). The present
result made a fairly good agreement with the result reported by
Shah et al. [46]. Also, it is interesting to point out that there was
a peak in temperature profile due to large viscous heating
(Br ¼ 5) in absence/presence ofM and Kp. The peak in temperature
can be seen up to r ¼ 1:4 and afterwards the characteristic follow a
linear trend. As a result, the cooling material gets heated for a large
value of viscous heating as well as a magnetic parameter in the
presence of non-Newtonian parameter and Reynolds model vis-
cous parameter if b0 ¼ 0:01 andm ¼ 10. Hence, it can be concluded
Fig. 12. Effect of M; Kp and Br on temperature profile (Vogel’s model).
Table 1
Comparison table (Average velocity) for a ¼ 0:4, b ¼ 0:2 and d ¼ 3 (constant viscosity
case).
M Kp X Shah et al. [46] Present
0 100 0 0.344814 0.344829
0 100 0.1 0.368949 0.368973
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significantly.3.3. Case-III: variable viscosity (Vogel’s model)
In order to physical insight to the problem for Vogel’s model,
the variation of velocity and temperature distribution for different
values of physical parameters are shown in Figs. 10–12. Fig. 10 pre-
sents the effect of the magnetic parameter and pressure gradient
parameter in the absence/presence of porous matrix. It can be
observed that increase in pressure gradient increases the velocity
distribution significantly due to the presence of a non-Newtonian
parameter. A Large value of b0 ¼ 0:01 can enhance the velocity
layer in the region r < 1:5 and then decreases rapidly in pres-
ence/absence of magnetic parameter as well as a porous matrix.
Further, the Lorenz force which denotes as a resisting force has a
retarding effect on velocity profile. Therefore, the velocity profile
reduces as magnetic parameter increase.
An interesting observation is encountered in Fig. 11 that in the
absence of magnetic parameter (i.e. M ¼ 0), the temperature pro-
file increasing as the pressure gradient increases in the middle
zone and then decreases (Curve I and III) while the effect was
reversed when M ¼ 3: The temperature decreases up to the region
(1 6 r 6 1:9) further it increases to meet the boundary layer. This is
because when M ¼ 3 the inclusion of non-Newtonian parameter
enables to enhance the temperature level. Again the temperature
distribution enhances due to increasing in a magnetic parameter
in the absence or presence of porous matrix within the layer
(1 6 r 6 1:7) and afterwards, it decreases.
Fig. 12 displays the temperature distribution for different values
of M and Br in presence/absence of porous matrix (in the case of
Vogel’s model). It is noteworthy that magnetic parameter
enhanced the temperature profile within the layer (1 6 r 6 1:6)
and afterwards, decreases in presence / absence of porous matrix.
The similar observation was encountered as in Reynolds modelthat large viscous heating Br ¼ 5, increased the temperature at the
middle of the zone. From curve VI and VIII, it is interesting to note
that in the presence of porous matrix and magnetic parameter, the
peak in temperature observed within the layer (1 6 r 6 1:8). Fur-
ther, it decreases significantly. Thus it is concluded that Brickman
number is responsible for enhancing the fluid temperature near
the surface of the boundary layer and the converse also hold true
at the inner surface of the die. Table 1 depicts the comparison table
of average velocity in case of constant velocity. It is seen that in the
absence of magnetic parameter ðM ¼ 0Þ and porous matrix
ðKp ¼ 100Þ the present result is in good agreement with the result
of Shah et al. [46].
4. Conclusions
The steady MHD flow and heat transfer of an Oldroyd 8-
constant fluid in wire coating analysis was analysed numerically
considering three different cases. The findings of the present study
are summarised case wise below:
4.1. Case-I: constant viscosity
i. Magnetic parameter contributes to decelerate the velocity
profiles significantly whereas dilatants constant and pseu-
doplastic parameter characterised the melt polymer (Old-
royd 8-constant fluid) and accelerates velocity in the
presence of porous matrix and absence of magnetic param-
eter, respectively.
ii. Further, an increase in Brinkman number enhanced the tem-
perature distribution irrespective in presence / absence of
porous matrix.
iii. Two layer variations were remarked in the case of pressure
dependent constant parameter which has a retarding effect
for the region r > 1:9 and reverse effect was encountered
near the plate.
4.2. Case-II: Variable viscosity (Reynolds model)
iv. The non-Newtonian properties of fluid enable to enhance
the velocity profile in the absence of both magnetic and por-
ous matrix parameter whereas for moderately large M in
conjunction with pseudoplastic constant the velocity profile
decreased.
v. In comparison with constant viscosity, the inclusion of non-
Newtonian and magnetic parameter the velocity profile was
unaltered.
vi. In absence/presence of magnetic and porous matrix param-
eters, the temperature profile decreases significantly as the
pseudoplastic parameter increases. It can be seen that Brink-
man number contributes to the non-linearity distribution of
temperature with the inclusion of non-Newtonian parame-
ter and Reynolds model viscosity parameter.
4.3. Case-III: variable viscosity (Vogel’s model)
vii. In the presence of non-Newtonian parameter, the velocity
profile increases significantly with increasing the pressure
gradient. Moreover, a retarding effect on velocity profile
has been observed due to the Lorenz force.
viii. Vogel’s model gives two layer temperature distributions due
to the presence of pressure gradient. Another interesting
aspect is the occurrence of the point of intersection in the
middle of the region. It is noted that the temperature profile
can enhance due to large magnetic and viscous parameters.
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